Lactobacilli represent normal commensals of the human body, particularly in the gut and vagina where they protect these environments from incoming pathogens via a variety of mechanisms. The influence of the carbohydrate source present in reconstituted MRS growth medium on the different cell properties of two Lactobacillus rhamnosus strains were examined. Two human vaginal isolates, BGHV719 and exopolysaccharide producer strain BGHV954 were analyzed. The results demonstrated that unlike in reconstituted MRS with glucose as a carbon source, the presence of fructose, mannose, or rhamnose, significantly reduced cell surface hydrophobicity of both strains. In addition, differences in cell wall protein composition of L. rhamnosus BGHV719 and alterations in colony mucoidity of L. rhamnosus BGHV954 were also demonstrated. Light and SEM microscopy revealed differences on the cellular level when BGHV719 was cultivated in the presence of different sugars. The results of this study point out the importance of complex relationships between growth medium composition and the different aspects of bacterial behavior, and call for more detailed analyses of versatile bacterial responses to the changes in the environment, including vaginal ecosystem. This is especially important since lactobacilli are amongst the most widely used of probiotics.
Introduction
Lactobacilli are lactic acid bacteria (LAB) ubiquitous in nature and widespread in humans as commensal bacteria, where they play a significant role in general health maintenance [1] . Lactobacilli are the dominant bacteria of a healthy human vagina where they prevent the growth of pathogen species through different mechanisms [2] . Many studies have shown a correlation between the disruption of the normal genital microflora, particularly of the Lactobacillus species, and an increase in genital and bladder infections [3] . Lactobacilli are being widely used by humans as biological food processors, dietary supplements and in the treatment of different disorders such as bacterial vaginosis and urinary infections [4] . They are also amongst the most widely used of probiotics. One of the clinically best-studied probiotic organisms, Lactobacillus rhamnosus GG (ATCC 53103) has been attributed with various health effects, such as the prevention and treatment of acute diarrhea in children, the prevention of antibioticassociated diarrhea, the prevention and treatment of allergy, as well as occasionally beneficial effects for other disorders like those related to children's dental health [5, 6] . The use of lactobacilli as probiotics offers a potential alternative approach to health restoration and maintenance in the vaginal tract. Several representatives of this genus, like Lactobacillus rhamnosus GR-1™ and Lactobacillus fermentum RC-14 have been shown efficient in treatment of bacterial vaginosis [7, 8] . The ability of lactobacilli to adhere to epithelial cells is considered as an important feature in the process of colonization of the different human ecological niches such as the vagina. When selecting for potential probiotic strains, the question becomes which probiotic strains will persist in and colonize the vaginal epithel since this ecosystem is in a constant change. Colonization of the vaginal environment is influenced by vaginal fluid and vaginal epithelium. HPLC analysis of free sugars in vaginal fluid revealed the presence of free glucose as the major sugar and also mannose [9] .
Adhesion is also believed to be an important factor in the process of realization of some probiotic effects such as pathogen exclusion [4] . However, the mechanisms of bacterial attachment to epithelium are not completely clear.
The surface properties of bacteria are vital for their survival and interactions with the environment, including that with other microorganisms and host organisms [10] . Frequently, the behavior of LAB is dependent on the cell surface physicochemical properties and their chemical composition [11] . Albeit the influence of cell wall constituents on the bacterial surface properties has not been elucidated, they are influenced both by the surface proteins and exopolysaccharides. The surface hydrophobicity and composition of LAB cell wall have been studied both by microbial adhesion to hydrocarbons and biochemical analyses [12] [13] [14] . Nevertheless, the techniques routinely employed for characterizing the physicochemical nature of cells also include liquid drop contact angle measurement, X-ray photoelectron spectroscopy (XPS) and electrophoretic mobility [15] . Still, detailed analyses of the relationship between LAB cell wall constituents and physicochemical properties are slowly emerging. It has been demonstrated that components of growth medium (such as yeast extract and peptones) present an important factor in determining the surface properties of lactobacilli, including structure and physicochemical characteristics of bacterial cell wall [10] . A better knowledge of these aspects could help us understand the roles that different cell surface constituents have in bacterial behavior. This is important since lactobacilli, particularly L. rhamnosus are of considerable technological and commercial importance [2] .
The medium in this study contained all principal components of a full-fermentation medium used for lactobacilli growth and the only difference between media was a carbohydrate source. In this way we examined the influence of the carbohydrates present in medium on different aspects of two human vaginal Lactobacillus rhamnosus strains including: (i) their cell surface characteristics of (ii) their cell wall proteins synthesis (iii) their colony mucoidity and (iv) their colony and cell morphology.
Experimental Procedures

Bacterial growth and preparation of bacterial cultures
Two human vaginal isolates, L. rhamnosus BGHV719 and exopolysaccharide producer L. rhamnosus BGHV954 were studied. Both strains were isolated from the vaginal swabs of two women during routine gynaecological examination. Strain identification was based on 16S rDNA sequencing and repetitive extragenic palindromic PCR analysis (data not shown). All media were based on reconstituted MRS medium as previously described [16] and components were prepared separately and combined together. The only difference between media was the sugar source where MRSglu indicates that MRS medium was supplemented with glucose (10 g/l), Mfru with fructose (10 g/l), Mman with mannose (10 g/l) Mrham with rhamnose (10 g/l). Overnight bacterial cultures (precultures) were cultivated under aerobic conditions at 37°C for 20 h in appropriate medium. Fermentation cultures used for further experiments were inoculated with precultures (5%, vol/vol) that had been grown in the same media. The time of cultivation depended on the time needed for the strain to reach middle log phase in a particular medium ( Figure 1 ). The initial pHs of reconstituted MRS were 6.8. The final pH of cultures was determined by measuring pH at the beginning of the stationary phase depending on the growth medium (Hi9321 Microprocessor pHmeter, Hanna Instruments, USA).
Microbial adhesion to hexadecane (MATH)
The influence of carbohydrates in the medium on the cell surface hydrophobicity was measured using MATH test described by Reid et al., [17] . In a brief, a bacterial suspension from the mid logarithmic phase of growth was added to 10 ml of 10 mM KH 2 PO 4 buffer (pH=7.0) to the final optical density (OD 600nm ) 0.5±0.05. After brief vortexing, 3 ml of bacterial suspension was transferred to 15 ml glass test tubes. Subsequently, 150 µl of hexadecane (Merck, Hohenbrunn, Germany) was added and the mixture was vortexed three times for 30 s with a 1 min pause between vortexing. Tubes were left for 30 min to allow the separation of hexadecane and aqueous phase. The lower aqueous layer was carefully removed by using Pasteur pipettes, and transferred to clean tubes. The optical density of the initial (OD 0 ) and extracted solution (OD 1 ) was measured at OD 600nm (Ultrospec 3300 Pro, Amersham Biosciences). Phosphate buffer without bacteria was used as a blank value.
The fraction of bacteria adhering to hexadecane/ water interface was calculated as:
For the evaluation of strain hydrophobicity previously defined values [14] were used as reference values: 0-35% marked low hydrophobicity, 36-70% medium hydrophobicity and 71-100% high hydrophobicity. The values of strain hydrophobicity reduction in Table 1 represent the reduction of MATH value in particular medium when compared with the MATH value obtained in MRSglu medium (%).
Isolation of cell wall-associated proteins
Cell wall proteins were extracted from mid log phase of L. rhamnosus BGHV719 cultivated in four different media with 5 M LiCl, according to the procedure of Schär-Zammaretti et al., [10] with minor adjustments. Overnight cultures were grown in the same medium as cultures used in this experiment. The fermentation was carried out in 250 ml bottles containing 100 ml of each fermentation medium. The bacteria were harvested by centrifugation (3,500 x g, 20 min, 4°C) and washed three times with 15 ml of 10 mM KH 2 PO 4 . Afterwards, the bacterial pellet was resuspended in 15 ml of KH 2 PO 4 buffer. In order to obtain approximately the same quantity of bacteria from the logarithmic phase of growth, bacterial suspensions were adjusted OD 600nm =2.3 and checked by CFU count (data not shown). An equal volume (15 ml) of 5 M LiCl was added and the suspension was incubated for 1 h at a room temperature. Afterwards, bacteria and high-molecular-mass debris were sedimented by centrifugation (5,000 x g, 20 min, 4°C) and dialyzed overnight against 5 liters of 50 mM Tris-HCl (pH 7.4, room temperature). Three hours after the start of the dialysis the dialysis buffer was refreshed. The remaining high molecular mass debris was removed by centrifugation (5,000 x g, 20 min, 4°C). The final concentration of samples was done with MICROCON YM-10 vials with 10 000 Da protein cut-off (Millipore, USA). Final supernatants were used undiluted and analyzed on sodium dodecyl sulfate (SDS)-polyacrylamide gel electrophoresis (PAGE).
SDS-PAGE analysis
The analysis of the supernatants was carried out using the reference molecular marker encompassing proteins of molecular masses between 10 kDa and 200 kDa (Page Ruler™ prestained Protein Ladder, Fermentas UAB, Lithuania). Supernatants were mixed with the loading buffer (125 mM Tris-HCl, pH 6.8), 10 mM disodium EDTA, and 4% sodium dodecyl sulphate (SDS), 25% glycerol, 5% 2-mercaptoethanol, 0.07% bromphoenol blue) at a 1:1 volume ratio. The samples were heated at 80°C for 10 min and run on a 10% polyacrilamide gel (SE 600 Vertical Slab Gel Unit, Hoefer Scientific Instruments, San Francisco USA) for 16 h at the constant current of 10 mA. Proteins were visualized after the staining of the gel with Coomassie brilliant blue R 250 (SERVA, Heidelberg, Germany).
Exopolysaccharide production
Mucoidity of L. rhamnosus BGHV954 colonies, which indicates exopolysaccharide production, was determined by visual appearance [18] . An indication of EPS production was taken for the strain showing weak pellet formation after centrifugation and the presence of diffuse capsules surrounding bacterial cells. For slime production, strain was streaked on the MRS medium and incubated at 37°C for 24 h. Ropiness of colonies on agar surfaces was tested with a loop to observe the formation of slime. Colonies were scored for the intensity of ropiness by picking with an inoculation loop. To demonstrate the presence of a gene involved in biosynthesis of the EPS repeating units, we performed PCR with degenerate primers G-*-Bact-a-F-36 (5'-TCATTTTATTCGTAAAA CCTCAATTGAYGARYTNCC-3') and G-*-Bact-a-R-27 ( 5 ' -A ATAT TAT TA C G A C C T S W N AY Y T G C C A -3 ' ) encompassing the glycosyltransferase (GT) gene according to Provencher et al., [19] . Each hybrid primer consisted of a short 3' degenerate core region based on four highly conserved amino acids and a longer 5' consensus clamp region. The PCR mix contained 50 pmol of each primer, 10XPCR buffer, 4 mM MgCl 2 , 200 µM deoxynucleoside triphosphate (Fermentas Life Sciences, Lithuania). The PCR program consisted of 45 cycles, after an initial incubation at 94°C for 5 min to allow complete denaturation of the DNA template. The first 5 cycles consisted of a denaturation step at 94°C for 30 s, an annealing step at 62°C for 30 s, and an elongation step at 72°C for 30 s. The last 40 cycles consisted of a denaturation step at 94°C for 30 s, an annealing step at 52°C for 30 s, an elongation step at 72°C for 30 s, and a final elongation step at 72°C for 10 min. PCR products were analyzed by electrophoresis on a 1% agarose gel containing ethidium bromide and visualized by CCD camera Biometra BDR2/5/6 (Biometra Biomedizinische Analytik GmbH, Goettingen, Germany).
Microscopic observation of colonies
The slide preparations of mid log cultures of L. rhamnosus strains cultivated in different media were prepared as follows: 50 µl of the bacterial suspension (each from the log phase of growth, depending on the medium) was fixed to the slide by heat and stained according to Gramm's method. Cell morphology was examined under the microscope (Olympus U-RFL-T, GmbH, Hamburg, Germany) and photographed.
Scanning electron microscopy (SEM)
Since small changes in cell morphologies of bacteria are difficult to observe under the light microscope, scanning electron microscopy (SEM) was used to examine the minor changes in cell morphology of the bacterial populations that have been cultured in different media.
Bacterial colonies (16 hour old) were picked up from Petri dishes with the appropriate medium and coated with gold particles in a Bal-Tec SCD 005 sputter coater (BAL-TEC AG, Liechtenstein). The cell morphology of the tested populations was examined JEOL JSM-35CF SEM instrument (JEOL Ltd., Japan).
Statistical analysis
A Student's t test was used to compare the results.
Results
Bacterial growth
Depending on the growth media used for the cultivation of the strain, the final cell count values varied. Nevertheless, values obtained for the particular growth medium were similar for both strains (Table 1) . During the cultivation in the different media, cultures differed in the duration of log phase reaching a stationary phase between approximately 6 h and 13 h (Figure 1) . Additionally, initial pH of all media used in the study was adjusted at 6.8. After onset of stationary phase, depending on the growth medium, pH of all liquid cultures became more acidic (Table 1) . Nevertheless, in Mram PH values were higher than in other cultures reaching 5.7 (BGHV719) and 5.9 (BGHV954).
MATH
In MRSglu medium, relatively low percentage (28%) of L. rhamnosus BGHV719 bacteria adhered to this nonpolar solvent indicating a low hydrophobicity of the strain (Table 1) . On the other hand, significantly higher number of L. rhamnosus BGHV954 adhered to hexadecane (40%), classifying it as a medium hydrophobic strain. In addition, all MATH values obtained for this strain were slightly higher than those observed for BGHV719 when cultivated in the respective medium (P<0.05). According to the results from this study, the MATH values of both 
SD -standard deviation of means of three independent measurements; NP -mucoidity not detected, ++ marks intensive mucoidity, + marks reduced mucoidity and -marks a total visible reduction of mycoididty: L -low hydrophobicity; M -medium hydrophobicity.
strains, when compared to MATH values obtained in MRSglu medium, were reduced in media with different sugar sources. Interestingly, although the level of hydrophobicity in MRSglu differed between two tested strains, the highest hydrophobicity reduction for both strains was detected when cultivated in Mram.
SDS-PAGE analysis of cell wall proteins
From the SDS-PAGE analysis of cell wall protein extracts of L. rhamnosus BGHV719 the molecular mass of the extracted cell wall proteins varied between 25 kDa and 100 kDa. The protein profiles of cultures from Mfru and Mglu were similar, with bands being more intense for Mfru (Figure 2 ). When culture was cultivated in Mman a unique band pattern was obtained (Figure 2) . It was also evident that in the presence of rhamnose, the greatest number of cell wall proteins was observed.
Due to the problems of cell wall protein isolation of exopolysaccharide producer L. rhamnosus BGHV954, SDS-PAGE analysis of this strain was not conducted.
Microscopic observation of L. rhamnosus BGHV719
Different sugar sources had a visible impact on the cell shape and cell organization appearance of L. rhamnosus BGHV719 strain (data not shown). In Mglu and Mfru, lactobacilli tended to make aggregate-like structures. Nevertheless, the largest aggregates, visible even by naked eye in test tubes, formed when rhamnose was added to the medium. On the other hand, in Mman medium, bacteria tended to form long chains and have more coccoid shape. For L. rhamnosus BGHV954 these differences were not so evident and under all conditions aggregate-like structures were observed (data not shown).
SEM
The cell morphology of BGHV719 strain from late logarithmic phase of growth on appropriate medium was examined by scanning electronic microscopy (SEM). The cell morphology of the Mglu and Mfru cultures were apparently bacilli like cell forms with no visible matrix around cells (Figure 3a) . Nevertheless, some granules in the bacterial surroundings were visible around lactobacilli grown in Mfru medium (Figure 3b ). In Mman, bacterial cells tended to be more deformed with a visibly rough surface (Figure 3c ). When cultivated in Mram, cells were immersed in the matrix and appeared as one layer of cells (Figure 3d ).
EPS production
PCR results confirmed the presence of the glycosyltransferase gene required for the biosynthesis of the EPS as a DNA fragment of the expected size (276 bp, data not shown) was obtained when DNA from BGHV954 served as a template in the PCR reaction. According to DNA sequencing and BLAST analysis (www.blast.ncbi.nlm.nih.gov), the obtained nucleotide sequence shared 100% homology with L. rhamnosus ATCC 21052 glycosyltransferase gene. The mucoidity of L. rhamnosus BGHV954 colonies changed when different sugars were used as a carbon source in the growth medium. The complete loss of colony mucoidity, as seen by the naked eye, was observed when the strain was grown in Mram media. In Mfru and Mman media, a visible reduction of L. rhamnosus BGHV954 mucoidity occurred. The highest degree of mucoidity was obtained when the strain was cultivated in Mglu.
Discussion
Several studies have shown that lactobacilli, normally present in the human vagina, can protect the host against incoming pathogens that are constantly invading this ecosystem [2] . The vagina represents a unique and dynamic ecosystem that is continually fluctuating and is influenced, among other factors, by the menstrual cycle, infections and pregnancy [20] . Although much has been published on the histology of the human vagina and its changes, little is still known about its biochemistry and its metabolism. It is known that the vaginal fluid contains carbohydrates such as glucose and mannose and the vaginal environment also includes glycogen [9] . The cell wall represents a significant structural component of bacteria and differences in their outer layer reflect the adaptations of the organism to specific environmental conditions [21] . In this study, changes in different aspects of bacterial properties due to the variation in carbohydrate source in the growth medium were demonstrated. Although both strains were able to grow in all tested media, variations in the carbohydrate source had a significant influence on the cell density measured in the stationary phase and on the growth kinetics of the strains. These differences, most probably, reflect physiological changes undergoing in strains as a response to different capabilities in metabolizing diverse carbon sources. Although all cultures became significantly more acidic after 20 hours of cultivation in the presence of all tested sugars, when rhamnose was added to the reconstituted MRS medium, pH remained relatively high in comparison to other cultures. This may be due to the lower cell count and the inability of efficient rhamnose fermentation.
In spite of several studies on cell hydrophobicity of lactobacilli [10, 22] , this physicochemical aspect remains poorly understood. The ability of bacteria to adhere to tissues is considered an important factor in the colonization of different human environments. It has been proposed that bacterial adherence is the result of two different mechanisms: specific and nonspecific binding [23] . It has been reported that bacterial recognition of specific sites by receptors on microorganisms, cellsurface charge and hydrophobicity influence the strength of adhesion [14, 24] . Schär-Zammareti et al., 2005, demonstrated that composition of fermentation medium significantly influences and determines surface properties of L. acidophilus NCC2628 and even small changes in MRS composition changes the hydrophobicity of this strain. We have determined that L. rhamnosus BGHV719 exhibited low hydrophobicity, which is in accordance with previous results and the changes induced by the presence of different carbohydrates could be related to differences in concentration of nitrogen or carbon in carbohydrate form [11, 17, 22] . Nevertheless, strain L. rhamnosus BGHV954 exhibited higher hydrophobicity, suggesting that this feature could be strain dependent. Although hydrophyllic character of the strain might be related to the presence of polysacharides on lactobacilli surface, lower hydrophyllic character of this EPS producer could not be explained in this way [22] . Rather the presence of other cell wall constituentslike hydrophobic polypeptides may be responsible for this difference. On the other hand, Ocaña et al., (1999) analyzed 134 vaginal lactobacilli and showed that most of the strains including L. rhamnosus were highly hydrophobic [14] . This may indicate the influence of either the origin of strains or the source of components used for the preparation of medium on the results of the measurements.
The reduction of hydrophobicity of both strains in reconstituted MRS media most probably reflects large changes in complete cell physiology of both strains. The presence of different sugars in the medium influences composition of the isolated cell wall protein of L. rhamnosus BGHV719. We can only speculate that either composition of cell wall proteins is changed or that the export of some proteins is also influenced by the changes in the cell physiology. Maybe due to non-optimal growth conditions bacteria express some other proteins like specific adhesion factors as suggested by Piette et al., 1992 [23] . Further identification of cell wall proteins influenced by the presence of different carbohydrates is needed in order to answer these questions. Additionally, potential surface layer proteins that had a molecular mass between 30 and 60 kDa were isolated and should be determined for this strain.
The total yield of EPS produced by LAB depends on the medium composition and conditions in which the organisms grow [12] . Although still preliminary, our results showed that exopolysaccharide production expressed as colony mucoidity of L. rhamnosus BHGV954 depends on the carbon source present in the medium. The results obtained when the strain was cultivated in Mglu and Mfru were in accordance with previous work, where glucose was the most efficient carbon source for EPS production [12] . The absence of mucoidity of this strain when cultivated in Mram may be due to its slower growth.
Due to the carbon deficiency in the growth medium, the cell surface of some bacteria changed its appearance [25] . Results obtained from our study showed that the medium composition also influences cell and colony appearance of L. rhamnosus BGHV719 reflecting changes in bacterial physiology and adaptations to the different environmental conditions. These results were confirmed by SEM microscopy where differences on a cellular level were demonstrated
In conclusion, the presence of different sugars in the fermentation medium has a significant impact on different properties of the human vaginal isolates L. rhamnosus BGHV719 and L. rhamnosus BGHV954. Different sugars influence both cell wall protein composition and mucoidity of bacterial cells indicating the alterations in cell wall content. These changes are followed by changes in cell shape and appearance. Further research should be focused on the influence of these changes on the adhesion properties of these strains. Since lactobacilli are widely used in the food, chemical and pharmaceutical industry, the results presented in our study call for more detailed analyses of complex relationship between bacteria and their environment.
